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57] ABSTRACT

There 1s provided a chip type varistor having a small
clectrostatic capacity, high voltage non-linearity, and high
voltage suppressing capability and surge resistance. The
chip type varistor 1s a layered body formed by a plurality of
ceramic layers mainly composed of S1C containing at least
two elements, 1n the form of oxides, selected from among Si,
Bi, Pb, B and Zn, an inner electrode layer interposed
between the ceramic layers of the layered body, and an outer
clectrode formed on the surface of the layered body and
clectrically connected to the inner electrode layer.

22 Claims, 1 Drawing Sheet
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CHIP TYPE VARISTOR AND CERAMIC
COMPOSITIONS FOR THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a variable resistor
(“varistor”), particularly to a chip type varistor and ceramic
compositions for the same.

2. Description of Related Art

A varistor 1s a circuit element whose resistance abruptly
decreases when the voltage applied to the element exceeds
a predetermined level. On the other hand, the resistance 1s
extremely large when the applied voltage 1s lower than that
level. Because of such characteristics, varistors are used for
protecting semiconductor elements from a surge voltage, for
example.

Varistors made of various materials and having various
structures are known. For example, varistors with lead wire
are made from S1C system, ZnO system, SrT10, system or
110, system materials. Some chip type varistors include
ZnO or SrT10, as main components.

The current trend toward smaller circuits for high fre-
quencies necessitates electronic components that accommo-
date smaller sizes and higher frequencies, and the trend
toward lower circuit driving voltages necessitates compo-
nents that operate on low voltages.

Therefore, 1t 1s preferable that varistors have a small
clectrostatic capacity to be compatible with the high fre-
quencies and to be usable to absorb noises 1n signal circuits
and the like, and the voltages of such varistors must be
limited to small values 1 order for them to operate low
voltages.

In the case of ZnO type varistors, however, the area of the
clectrodes thereof must be significantly reduced to obtain a
small electrostatic capacity and a varistor voltage of a few
volts since they have high apparent dielectric constants that
are as high as several hundreds. However, this results in a
reduction 1n surge resistance at the same time.

In the case of the Sr'T10; type and Ti0,, type varistors, the
apparent dielectric constants are higher than those of ZnO
type varistors and can be on the order of several thousands
or several tens of thousands, but it 1s more difficult to obtain
a small electrostatic capacity and a varistor voltage of a few
volts.

Meanwhile, it 1s easier to obtain Si1C type varistors having
a small capacity because they have low apparent dielectric
constants. However, they have a voltage non-linearity coel-
ficient a smaller than those of other types of varistors. For
example, the constant a 1s only about 7 for SiC type
varistors while 1t 1s several tens for ZnO type resistors.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a chip type varistor having a small electrostatic capacity,
hiech voltage non-linearity, and high voltage suppressing
capability and surge resistance.

According to a first aspect of the present invention, there
1s provided a varistor comprising:

a layered body formed by a plurality of ceramic layers
mainly composed of S1C containing at least two kinds

of elements, 1n the form of oxides, selected from Si, Bi,
Pb, B and Zn;

an 1mner electrode layer interposed between the ceramic
layers of the layered body; and
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an outer electrode formed on the surface of the layered
body and electrically connected to the mner electrode
layer.

According to a second aspect of the invention, the varistor
contains the at least two elements selected from Si1, Bi, Pb,
B and Zn 1n a total amount 1n the range from about 0.1 to 20
mol % calculated 1n terms of the total amount of the oxides
S10,, B1,0,, PbO, B,O; and ZnO.

According to a third aspect of the invention, the S1C of the
varistor has a grain diameter 1n the range from about 1 to 10
Hm.

According to a fourth aspect of the mnvention, the inner
clectrode layer of the varistor 1s formed from at least one
metal among Pt, Au, Ag, Pd, N1 and Cu.

The present invention thus provides a chip type varistor
having a small electrostatic capacity, high voltage non-
linearity, and high voltage suppressing capability and surge
resistance.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a sectional view of the varistor according to the
present 1nvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

A mode for carrying out the present invention will now be
described with reference to a preferred embodiment thereof.

First, a commercially available S1C powder was prepared
as a raw material powder for a varistor, and the powder was
classified into grain diameters less than 1 um, grain diam-
eters equal to or greater than 1 u#m and less than 5 um, grain
diameters equal to or greater than 5 um and less than 10 um
and grain diameters equal to or greater than 10 um.

Each of the classified SiC powders (100 mol %) was
blended with S10,, B1,0,, PbO, B,0O, and/or ZnO 1n the
amounts shown 1n Tables 1 and 2, combined with ethanol
and toluene 1n predetermined amounts, and mixed using a
ball mill to obtain slurries.

TABLE 1
S1C
Grain
Sample diameter Content/mol % Electrode
No. Hm 510, Bi,O, PbO B,0O; ZnO  Material
1 1~5 0.5 0.5 0 0 0 Pt
2 1~5 0.5 0 0.5 0 0 Pt
3 1~5 0.5 0 0 0.5 0 Pt
4 1~5 0.5 0 0 0 0.5 Pt
5 1~5 0 0.5 0 0.5 0 Pt
6 1~5 ] 1 0 ] 0 Pt
7 1~5 ] 0 1 ] 0 Pt
8 1~5 1 0 0 1 1 Pt
9 1~5 5 5 0 5 0 Pt
10 1~5 5 0 0 5 5 Pt
11 1~5 5 5 0 5 5 Pt
12 1~5 10 10 0 0 0 Pt
13 1~5 10 0 10 0 0 Pt
14 1~5 10 0 0 10 0 Pt
15 1~5 10 0 0 0 10 Pt
16 1~5 10 10 0 10 0 Pt
17 1~5 10 10 10 0 0 Pt
18 1~5 10 0 0 10 10 Pt
19 1~5 0 0 10 10 10 Pt




3,976,420

3

TABLE 1-continued

S1C
Grain
Sample diameter Content/mol % Electrode
No. Hm 510, B1,O, PbO B,0O; ZnO  Material
20 less than 5 5 0 5 0 Pt
1 4m
21 5~10 5 5 0 5 0 Pt

Note: “1~5" and “5~10" mean “equal to or greater then 1 and less than 5 and
“equal to or greater then 5 and less than 107, respectively.

TABLE 2
S1C
Grain

Sample diameter Content/mol % Electrode
No. Hm 510, Bi,O, PbO B,O; ZnO  Material
22 1~5 5 5 0 5 0 Au
23 1~5 5 5 0 5 0 Ag—Pd
24 ~5 5 5 0 5 0 Pd
25 1~5 5 5 0 5 0 N1
26 1~5 5 5 0 5 0 Cu
27 1~5 0.05 0.05 0 0 0 Ag—Pd
28 1~5 0 0.05 0 0.05 0 Ag—Pd

Next, a binder and a dispersing agent were added to the
slurries and, thereafter, ceramic green sheets having a thick-
ness of 20 um were produced using a doctor blade process.
A good ceramic green sheet could not be produced from Si1C
powders having grain diameters of 10 yum or more.

Each of the ceramic green sheets thus obtained was
punched into a predetermined (rectangular) configuration to
obtain a plurality of ceramic green sheets therefrom.

Next, as shown 1n Tables 1 and 2, a paste made of the
designated metal and a carrier (mixing ratio 7:3 by weight)
was printed using a screen printing process on the surface of
the green sheets to form an inner electrode thereon.

A predetermined number of ceramic green sheets thus
printed were stacked to form a layered body; a predeter-
mined number of ceramic green sheets having no inner
clectrode printed therecon were stacked on both of upper and
lower sides of the layered body as outer layers; and the
resultant layered body was bonded by pressing at a pressure
of 2 tons/cm”.

The press-bonded body was subjected to heating at 500 °
C. for two hours to burn and remove the binder and was
baked thereafter in Ar at a temperature 1n the range from 700

to 1100° C.

An Ag paste as an outer electrode was applied to the area
on an end face of the resultant baked body where the 1nner
electrodes were exposed and was baked at 600° C. to
complete a chip type varistor.

A sectional view of the varistor 1s shown in FIG. 1. A
plurality of mner electrodes 3 are disposed 1 ceramic layer
2. Outer electrodes 4 are applied on the outer surface of the
ceramic layer 2.

The electrical characteristics of such a chip type varistor
were measured according to the methods described below.

The varistor characteristic of varistor voltage V,, ., was
obtained by applying a DC current to measure the voltage
across the wvaristor and by measuring the voltage that
appeared when a current of 1 mA, was applied.

The voltage non-linearity coefficient a representing a
performance 1ndex of the varistor was calculated using the
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equation shown below from the voltage (V, ,,4) which
appeared when a current of 0.1 mA was applied and the
varistor voltage V. _ ,.

a=1/10g (V1,,4/Voima)

Further, the electrostatic capacity at 1 MHz was mea-
sured.

The discharge voltage in a high current region was
measured as the maximum voltage V,,, across the varistor
by applying a current pulse having a triangular current
waveform of 8x20 usec. and having a peak current of 10 A
to the varistor.

In addition, a current pulse having the same waveform as
that for the discharge voltage was applied, and the peak
current value which caused a change in the voltage V., .
from the value before the application of the pulse 1n an
amount 1n the excess of 10% was measured as surge
resistance. The peak current value 1s represented as a current
value per unit area of the electrode region of the varistor.

The above-described measurements were made on 10
samples from each lot. The results of the measurement are
shown 1n Tables 3 and 4. The sample numbers shown on
Tables 3 and 4 corresponds to the sample numbers 1n Tables

1 and 2.

TABLE 3
Varistor ~ Non-Linear Discharge Surge
Sample  Voltage Coeflicient  Capacitance  Voltage  Resistance

No. Vi ma o pF Vio ma Afcm”
1 15.8 19 27 55 75
2 16.2 21 25 52 72
3 16.0 18 23 63 63
4 17.6 17 28 51 71
5 18.7 19 32 64 64
6 22.4 24 21 62 78
7 23.5 31 20 65 71
8 24.9 32 17 65 64
9 22.3 28 16 59 67
10 21.6 24 18 62 72
11 18.5 21 19 54 65
12 21.3 28 18 61 73
13 211 33 21 63 75
14 20.6 31 20 60 58
15 22.4 29 21 59 62
16 34.8 13 15 125 18
17 33.4 14 14 155 21
18 38.2 12 14 171 15
19 45.6 11 11 — 10
20 85.2 15 8 — 7
21 7.5 14 32 48 56

TABLE 4
Varistor ~ Non-Linear Discharge Surge
Sample  Voltage Coefficient  Capacitance  Voltage  Resistance

No. Vi ma a pF Vio ma Afcm”
22 21.0 27 14 54 62
23 18.4 22 14 60 58
24 22.0 24 17 62 55
25 23.9 28 17 58 72
26 25.7 21 18 71 55
27 16.7 16 24 58 73
28 16.2 17 25 61 75

As apparent from Tables 1 through 4, there 1s provided
chip type varistors having a high voltage non-linearity
coellicient ¢ 1n the range from about 10 to about 30 and a
small electrostatic capacity in the range from about 10 to 30
pF by using S1C as a major component and containing at
least two elements, 1n the form of oxides, selected from
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among Si, B1, Pb, B and Zn. Further, a surge resistance as
high as 50 or more can be achieved.

As 1ndicated by the samples No. 16 through No. 19, when
the elements (Si, Bi, Pb, B and Zn) are added in a total
amount 1n the excess of about 20 mol % 1n terms of the total
amount of S10,, B1,0,, PbO, B,0O, and ZnO, the voltage
non-linearity coeflicient is low although a small electrostatic
capacity 1s obtained. Further, this results 1n high resistance
at grain boundaries which 1n turn results 1n a high discharge
voltage and low surface resistance. This has even resulted in
breakdown of an element as seen on the sample No. 19.
Furthermore, although not shown in Tables 1 through 4, an
amount of oxides less than about 0.1 mol % results 1n a
fragile ceramic, which reduces the strength of the varistor.

Therefore, the preferable total amount of S1, Bi, Pb, B and
Zn 1s 1n the range from about 0.1 to 20 mol % 1n terms of
the total amount of S10,, B1,0;, PbO, B,O, and ZnO.

As apparent from the sample No. 20, a grain diameter of
S1C powder less than about 1 um results in a low voltage
non-linearity coefficient. This also results 1n a significant
reduction of surge resistance that can cause breakdown of a
varistor. On the other hand, a grain diameter of S1C powder
in the excess of about 10 um prevents a sheet to be produced.
Therefore, the S1C grain diameter 1s preferably in the range
from about 1 to 10 um.

As an 1nner electrode of the chip type varistor, at least one
of the metals Pt, Au, Ag, Pd, N1 and Cu can be selected and
used as appropriate, taking performance and cost 1nto con-
sideration.

As described above, the present invention makes 1t pos-
sible to provide a chip type varistor which operates on a low
voltage, exhibits high voltage non-linearity and high voltage
suppressing capability and has a small electronic capacity by

forming a varistor mainly composed by SiC 1 a layered
configuration with oxides of Si1, Bi, B, Pb and Zn added
therein. This makes 1t possible to achieve voltage non-
linearity that 1s about two to four times that of conventional
S1C type varistors and to maintain sufficient surge resistance
with a small capacity.

Although the present mnvention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A variable resistor comprising:

a ceramic body consisting of S1C and at least two oxides

selected from the group consisting of S10,, B1,0;,
PbO, B,0O; and ZnO;

an 1nner electrode in said ceramic body; and

an outer electrode on the surface of said ceramic body and

clectrically connected to said inner electrode.

2. The variable resistor according to claim 1, consisting of
said oxides 1n an amount of from about 0.1 to 20 mol % in
terms of the total amount of the oxides S10,, B1,0,, PbO,
B,0O; and ZnO based on 100 mol % of said SiC.

3. The variable resistor according to claim 2, wherein said
S1C has a grain diameter 1n the range from about 1 to 10 um.

4. The variable resistor according to claim 3, wherein said
inner electrode 1s of at least one metal selected from the
ogroup consisting of Pt, Au, Ag, Pd, N1 and Cu.
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5. The variable resistor according to claim 4, wherein said
body consists of two to four of said oxides 1n an amount of
about 3 to 15 mol % and said Si1C has a grain diameter of
about 1 to less than 5 um.

6. The variable resistor according to claim 5, wherein said
oxides include S10, and said inner electrode comprises Pt.

7. The variable resistor according to claim 1, wherein said
S1C has a grain diameter 1n the range from about 1 to 10 um.

8. The variable resistor according to claim 7, wherein said
mner electrode 1s of at least one metal selected from the
group consisting of Pt, Au, Ag, Pd, N1 and Cu.

9. The variable resistor according to claim 1, wherein said
inner electrode 1s of at least one metal selected from the
oroup consisting of Pt, Au, Ag, Pd, N1 and Cu.

10. The variable resistor according to claim 1, wherein
said body consists of two to four of said oxides 1n an amount
of about 3 to 15 mol % and said S1C has a grain diameter of
about 1 to less than 5 um.

11. The variable resistor according to claim 1, wherein
said ceramic body 1s disposed 1n a plurality of layers and
there are at least two mner electrodes each of which 1s
disposed between adjacent layers.

12. The variable resistor according to claim 11, consisting
of said oxides 1n an amount of from about 0.1 to 20 mol %
in terms of the total amount of the oxides $10,, B1,0,, PbO,
B,O; and ZnO.

13. The variable resistor according to claim 12, wherein
sald S1C has a grain diameter 1n the range from about 1 to
10 um.

14. The variable resistor according to claim 13, wherein
said inner electrode 1s of at least one metal selected from the
oroup consisting of Pt, Au, Ag, Pd, N1 and Cu.

15. The variable resistor according to claim 14, wherein
said body consists of two to four of said oxides 1n an amount
of about 3 to 15 mol % and said SiC has a grain diameter of
about 1 to less than 5 um.

16. A ceramic composition consisting of S1C and at least
two oxides selected from the group consisting of S10.,
B1,0,, PbO, B,O; and ZnO.

17. The ceramic composition according to claim 16,
wherein the total amount of oxides 1s 1n the range from about
0.1 to 20 mol % based on 100 mol % of said Si1C.

18. The ceramic composition according to claim 17,
wherein said S1C has a grain diameter in the range from
about 1 to 10 um.

19. The ceramic composition according to claim 16,
wherein said S1C has a grain diameter 1n the range from
about 1 to 10 um.

20. The ceramic composition according to claim 19,
consisting of two to four of said oxides 1n an amount of
about 3 to 15 mol % and said S1C has a grain diameter of
about 1 to less than 5 um.

21. The ceramic composition of claim 15 1n which said at
least two oxides are selected from the group consisting of
S10,, B1,0,, PbO and B,O..

22. A variable resistor according to claim 1 in which said

at least two oxides are selected from the group consisting of
S10,, B1TO;, PbO and B,O,.
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